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We study the role played by neutrino trapping on the hadron star (HS) to quark star (QS) on-
version mehanism proposed reently by Berezhiani and ollaborators. We nd that the nuleation
of quark matter drops inside hadron matter, and therefore the onversion of a HS into a QS, is
strongly inhibit by the presene of neutrinos.
I. INTRODUCTION
Nowadays it is still an open question whih is the true
nature of neutron stars. In a traditional piture the
ore of a neutron star is modeled as an uniform uid
of neutron-rih matter in equilibrium with respet to the
weak interation. Nevertheless, due to the large stellar
entral density new degrees of freedom suh as hyperons,
meson ondensates or even a deonned phase of quark
matter are expeted to appear in the inner ore of the star
[1℄. The latter possibility is a onsequene of the QCD,
that predits a phase transition from hadron matter to a
deonned quark phase at few times nulear saturation
density, and was realized by several researhers soon after
the introdution of quarks as the fundamentals building
bloks of hadrons [2℄.
Berezhiani et al. [3℄ have shown reently that when
nite eets at the interfae between the quark and the
hadron phase are taken into aount, pure HS (i.e., with-
out a phase of deonned quarks), above a threshold
value of the entral pressure, are metastable to deay
into a more ompat star in whih deonned quark mat-
ter is present (QS). The mean-life time of the metastable
star ongurations is related to the time needed to form
a drop of quark matter in the stellar enter, and depends
dramatially on the stellar entral pressure. In this work,
we study the role played by neutrino trapping on this on-
version mehanism. The quantum nuleation of a quark
matter drop inside hadron matter is briey revised in Se.
II. Our main results are presented in Se. III, whereas
the main onlusions are given in Se. IV.
II. QUANTUM NUCLEATION OF QUARK
MATTER IN HADRON STARS
Let us onsider a pure HS whose entral density (pres-
sure) is inreasing due to spin-down or due to mass a-
retion (from a ompanion star or from the interstellar
medium). As the entral density approahes the quark
deonnement ritial density, a drop of quark matter
(QM) an be formed in the entral region of the star.
The proess of formation of the drop is regulated by its
quantum utuations in the potential well reated from
the dierene between the energy densities of the hadron
and quark phases. Keeping only the volume and the sur-
fae terms, the potential well takes the simple form
U(R) =
4
3
pinQ(µQ − µH)R
3 + 4piσR2 (1)
where nQ is the quark baryon number density, µQ and µH
are the quark and hadron hemial potentials at a xed
pressure P , and σ is the surfae tension for the surfae
separating the hadron from the quark phase.
The time needed to form the drop (nuleation time)
an be straightforwardly evaluated within a semilassi-
al approah [4℄ . First one omputes, in the Wentzel
KramersBrillouin (WKB) approximation, the ground
state energy E0 and the osillation frequeny ν0 of the
drop in the potential well U(R). Then, the probability
of tunneling is given by
p0 = exp
[
−
A(E0)
~
]
(2)
where A is the ation under the potential barrier whih
in a relativisti framework reads
A(E) =
2
c
∫ R+
R
−
√
[2M(R)c2 + E − U(R)][U(R)− E] .
(3)
being R± the lassial turning points and
M(R) = 4piρH
(
1−
nQ
nH
)2
R3 (4)
the droplet eetive mass, with ρH and nH the hadron
energy density and the hadron baryon number density,
respetively. The nuleation time is then equal to
τ = (ν0p0Nc)
−1 , (5)
where Nc is the number of virtual enters of droplet for-
mation in the star. A simple estimation gives Nc ∼ 10
48
[4℄. To desribe both the hadron and the quark phases
we have adopted rather ommon models. The hadron
phase is desribed within the relativisti mean eld ap-
proximation with standard parameters tted to repro-
due nulear matter saturation properties [5℄, whereas
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FIG. 1: Potential energy U(R) of the QM drop as a funtion
of the radius of the drop. Left (right) panel orresponds to
the neutrino free (trapped) ase.
for the quark phase we have adopted a phenomenologial
Equation of State (EoS) based on the MIT bag model
for hadrons [6℄ with three parameters: the mass of the
strange quark ms, the so-alled pressure of the vauum
B (bag onstant) and the QCD struture onstant αc. In
the present work, we take mu = md = 0,ms = 150 MeV
and αc = 0 (see Ref. [7℄ for details).
III. RESULTS
To begin with we show in Fig. 1 the potential energy
U(R) for the formation of a QM drop for dierent values
of the stellar entral pressure above the so-alled stati
transition point P0 (the pressure at whih the hadron
and quark hemial potentials are equal). The surfae
tension σ is taken equal to 30 MeV/fm2 and B = 85.29
MeV/fm
3
. Right (left) panel orresponds to the ase in
whih the presene of neutrinos has (not) been taken into
aount in the EoS of the hadron and quark phases. As
expeted the potential barrier is lowered as the entral
pressure inreases. Note that the stati transition point
P0 is larger when neutrinos are present, and note also
that in this ase, higher values of the entral pressure are
neessary to get a potential barrier with a height similar
to the one obtained when neutrinos are absent. This
means that for a given value of the entral pressure the
nuleation time will be muh larger when neutrinos are
present, and therefore, the onversion of a HS to a QS
will be inhibit in this ase (see Figs. 2 and 3).
The nuleation time an be plotted as a funtion of
the baryoni mass of the HS orresponding to the given
value of the entral pressure, as implied by the solution of
the Tolman-Oppenheimer-Volkov equations for the pure
HS sequenes. The results of our alulation for the two
ases (neutrino free and trapped) are reported in Fig. 2
for the same values of B and σ of Fig. 1. As it an be
seen from the gure a metastable HS an have a mean-
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FIG. 2: Nuleation time as a funtion of the baryoni mass.
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FIG. 3: Mass-radius relation for the initial HS and nal QS
ongurations. Left (right) panel orresponds to the neutrino
free (trapped) ase.
life time (related to the nuleation time) many orders of
magnitude larger than the age of the universe. Neverthe-
less, as the star areates a small amount of mass (∼ few
perent of M⊙), the onsequential inrease of the entral
pressure leads to a huge redution of the nuleation time
and, as a result, to a dramati redution of the HS mean-
life time. From the disussion of the previous gure, it is
lear that if neutrinos are trapped the star will need to
have a muh larger baryoni mass (or entral pressure)
than the star without neutrinos to have a omparable
mean-life time. In the partiular ase of a star with a
mean-life time τ = 1 year the baryoni mass of the star
with neutrinos isMB ∼ 2.12M⊙, whereas if the neutrinos
have diused out of the star MB ∼ 1.61M⊙.
Finally, in Fig. 3 we show the mass-radius (MR) rela-
tion for the initial HS and nal QS sequenes for the
neutrino free (left panel) and neutrino trapped (right
panel) ases. In both panels the onguration marked
with an asterisk on the hadron MR urves represents the
HS for whih the entral pressure is P0. All the ongu-
3rations below this point orrespond to absolutely stable
HS (τ = ∞). The full irles (triangle) on the HS and
QS sequenes of the neutrino free (trapped) ase repre-
sent the HS for whih τ = 1 year and the nal QS whih
is formed from its onversion (in the neutrino trapped
ase deonnement leads to the formation of a blak hole
for this partiular set of parameters). The square in the
neutrino trapped ase orresponds to the HS ongura-
tion whih will evolve (assuming baryon number onser-
vation) to the HS with τ = 1 year in the neutrino free
ase as the neutrinos diuse out of the star. It is lear
from the gure that this and almost all the HS ongu-
rations in the neutrino trapped ase will be stable with
respet to the onversion.
IV. CONCLUSIONS
In the present work we have studied the role of neu-
trino trapping in the HS to QS onversion mehanism
proposed in Ref. [3℄. We have found that the quantum
nuleation of a quark matter drop inside hadron matter,
and therefore the onversion of a HS into a QS, is strongly
inhibit by the presene of neutrinos.
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